Allogeneic hematopoietic SCT (allo-HCT) is the only curative therapy for myelodysplastic syndrome (MDS). Numerous myeloablative (MA), nonmyeloablative SCT (NST) and reduced conditioning transplant (RIC) studies have included MDS patients. Twenty-four MA HCT studies published from 2000 and 2008 reported OS and disease-free survival (DFS) ranging from 25 and 16% at 2 years to 52 and 50% at 4 years. In these publications, the incidence of grades II-IV acute GVHD was 18-100%, chronic GVHD 13-88%, relapse risk 24% at 1 year to 54.5% at 4 years and TRM 19% at day 100 to 61% at 5 years. From 2003 to 2008, 30 publications combining RIC and NST reported OS and DFS from 22 and 20% at 2 years to 79 and 79% at 4 years. Incidence of grades II-IV acute GVHD ranged from 9 to 63%, chronic GVHD 18 to 80%, relapse risk 6 to 61% and TRM 0% at day 100 to 34% at 5 years. The wide range in the published results leaves many unanswered questions. Although no ideal transplant conditioning has emerged, many of the MA and RIC studies used BU-based regimens and used a recipient age cutoff of 50-55 years for MA HCT. Similarly, there is no agreement on the use of induction or hypomethylating therapy before HCT, but azacitidine and decitabine are gaining increasing attention as a bridge to HCT. Until recently, the International Prognostic Scoring System (IPSS) dictated the use and timing of HCT. The WHO classification and WHO Prognostic Scoring System (WPSS) may be better suited in predicting the outcomes and should probably be incorporated in transplant algorithms. Most published MDS transplant series combine matched related donors (MRD) and matched unrelated donors (MUD). Umbilical cord blood (UCB) grafts will likely broaden the population of MDS patients eligible for allografting, but outcome data for MDS are scant. At this time, it is reasonable to consider the availability of an MRD or MUD as separate from an UCB graft in the decision of transplantation for MDS. The development of RIC, improvements in supportive therapy and alternative donor selection will provide better OS for MDS patients undergoing transplantation. Simultaneously, better understanding and medical therapy of MDS are leading us to re-examine patient selection and the timing of HCT. The results of HCT for MDS continue to improve together with the outlook of patients afflicted with myelodysplasia.
Introduction
As the population of industrialized countries continues to age, the prevalence of myelodysplastic syndrome (MDS) is increasing. According to SEER data (2001) (2002) (2003) , 86% of all MDS diagnoses were in individuals over 60 years of age with a 2-year OS o20% in patients with advanced MDS. 1 Over the past 10 years, medical treatment for MDS has evolved from supportive measures, such as hematopoietic growth factors, transfusions and antibiotics to drug therapy, aimed at increasing survival. Although not curative, hypomethylating agents can improve marrow function, delay progression to acute leukemia and extend OS in MDS patients. Nevertheless, the only potential curative therapy remains allogeneic hematopoietic SCT (allo-HCT). Only studies published since 2000 on the use of myeloablative (MA) HCT and studies published since 2003 on the use of reduced intensity conditioning (RIC) and nonmyeloablative SCT (NST) in patients with MDS are included in this review. The review emphasizes allogeneic transplantation conditioning and graft sources, but also explores timing of transplantation, medical therapy before HCT, auto-SCT and new challenges in the treatment of these patients.
Medical therapy
Two hypomethylating agents, azacitidine and decitabine, have recently been approved by the Food and Drug Administration for the treatment of MDS. Both drugs are cytotoxic at high doses but at low doses they are thought to revert aberrant DNA methylation associated with gene silencing in the MDS clone. Presumably, this reactivation of epigenetically silenced genes explains responses ranging from the improvement of peripheral counts to resolution of chromosomal abnormalities. The first drug, azacitidine, was compared with supportive care in a randomized study. 2 In that study, the overall response rate as defined by CR þ PR þ hematologic improvement was 60% for azacitidine compared with 5% for supportive care. Because of a cross-over design, differences in OS between the arms could have been muted. The median survival was 20 months (95% confidence interval, 16-26 months) for patients randomized to azacitidine compared with 14 months (95% confidence interval, 12-14 months) for patients undergoing supportive care (53% of whom received azacitidine after cross-over) (P ¼ 0.10). A recent study re-analyzed the data from three separate azacitidine trials using the WHO criteria and International Working Group (IWG) criteria; CR was seen in 10-17% of patients, PR were rare, and 23-36% of patients had hematologic improvement. 3 The median duration of responses was 13.1 months. A new study, without a cross-over design, randomized patients to azacitidine or one of the three conventional care regimens that included supportive care, low dose cytarabine or induction chemotherapy. 4 Median follow-up for OS analysis was 21.1 months. Azacitidine resulted in superior OS with a median Kaplan-Meier OS time of 24.4 vs 15 months for the conventional care regimen (P ¼ 0.0001).
Decitabine received approval based on a randomized trial vs supportive care without a cross-over design. 5 Patients in the decitabine arm had an improved overall response rate (CR þ PR þ hematologic improvement) of 30%, decreased transfusion requirements, improved quality of life and a trend toward a longer median time to AML progression or death compared with patients who received supportive care alone (all patients, 12.1 vs 7.8 months (P ¼ 0.16)). For patients with the International Prognostic Scoring System (IPSS) intermediate-2/high risk, OS was 12.0 vs 6.8 months (P ¼ 0.03); for those with de novo disease, 12.6 vs 9.4 months (P ¼ 0.04); and for treatmentnaive patients, 12.3 vs 7.3 months (P ¼ 0.08)). Published data support a stronger effect on OS for azacitidine than for decitabine. Whether this should determine the choice of either agent as a bridge to HCT in MDS remains to be determined.
A third agent approved by the Food and Drug Administration for MDS is lenalidomide, an immunomodulatory drug with marked activity in low grade MDS, particularly in the 5q-syndrome. In a study of 43 patients, response rates among those with deletion 5q31.1 were 83 vs 57% for those with normal karyotype and 12% for patients with other abnormalities (P ¼ 0.007). 6 Of the 20 patients with karyotypic abnormalities, 11 had at least a 50% reduction in abnormal cells in metaphase, including 10 (50%) with a complete cytogenetic remission. Furthermore, a pivotal trial showed that lenalidomide rendered 67% of patients with 5q-transfusion independent. 7 Despite the new drug development, allo-HCT is the only treatment that leads to complete and permanent eradication of the MDS clone, as evidenced by long-term donor hematopoiesis. [8] [9] [10] Although selected patients over the age of 60 years may be offered MA HCT, 11 fully ablative HCT results in excessive TRM for most patients with MDS, as 86% of them are over that age at diagnosis. Fortunately, RIC, NST and the wide use of unrelated donors have expanded the eligibility for HCT to a vast number of MDS patients, but with these advances new concerns have arisen.
One of the most important is whether milder conditioning with high disease burden is accompanied by high relapse rates. As both, drug therapy and HCT strategies evolve, treatment decisions are certain to become more complex. Future therapeutic options are likely to combine both newer drugs and HCT.
Indication and timing of HCT in MDS
In contrast to acute leukemia, there are no large published studies comparing allo-HCT to medical therapy for MDS. A pivotal, retrospective IBMTR study compared a nontransplant cohort from the International MDS Risk Analysis Workshop and two transplant cohorts, one with patients diagnosed with MDS and the other patients with secondary AML transformed from MDS. 12 The study showed that patients with IPSS intermediate-2-and highrisk MDS benefited from immediate HCT with matched related donors (MRD), whereas those in the IPSS low-and intermediate-1-risk groups gained in OS by delayed HCT. Of note, the cohort median ages were 40-50 years, only MA conditioning was included, and IPSS score was the only parameter analyzed against outcome. In spite of the shortcomings of this registry study, the recommendations to delay transplantation in low-or intermediate-1-risk MDS and offer HCT to patients with intermediate-2-and high-risk MDS have been largely adopted by most transplant centers.
Unfortunately, the IPSS does not capture all the risk elements affecting survival of patients who receive medical or HCT therapy. For example, the IPSS excludes secondary MDS, chronic myelomonocytic leukemia with leukocytosis and those patients with earlier therapy. A newly proposed risk model of MDS, validated in these patients and in de novo MDS, identified the following independent adverse factors: poor performance, older age, thrombocytopenia, anemia, increased BM blasts, leukocytosis, chromosome 7 or complex (X3) abnormalities and earlier transfusions. 13 A new study of 365 patients from the GITMO examined the power of the WHO classification and WPSS as predictors of post transplant outcome in MDS.
14 The 5-year OS ranged from 80% in refractory anemia (RA) to 57% in RA with multilineage dysplasia, 51% in RA with excess blasts (RAEB)-1, 28% in RAEB-2 and 25% in acute leukemia arising from MDS. Increasing 5-year probability of relapse and TRM were seen for each category of increasing disease severity. Transfusion dependence was associated with a reduced OS and increased TRM. The negative effect of multilineage dysplasia and transfusiondependence on OS and TRM extended to patients without excess blasts as well.
Because of the limitations listed above, IPSS intermediate-2-and high-risk MDS are no longer the only indications for HCT. The newer risk models identify factors that affect outcomes across medical and HCT therapies.
Transfusion requirement is a particularly troublesome factor, as it appears to worsen outcomes regardless of the therapy chosen. Although chelation therapy may change this paradigm, it seems appropriate to consider HCT in patients with lower IPSS who become transfusion dependent and do not respond to medical therapy. Likewise, patients with adverse cytogenetics but preserved marrow function may be considered for HCT even with a low IPSS score. The optimal timing for HCT in patients with secondary MDS remains undetermined. Therapy-related MDS carries worse prognosis than de novo MDS. The new MDS scoring system may prove helpful in refining HCT indications in both de novo and secondary MDS.
Upfront transplantation, induction or low-intensity therapy before HCT
Relapse is an important barrier to the success of HCT in MDS. Higher IPSS disease score and earlier transfusions are known to predict for worse OS. Although never studied in a prospective manner, relapse is felt to be more likely after RIC and NST than MA HCT. Patients with highgrade MDS are often considered for cytoreductive therapy before HCT. A study by de Witte et al. 15 evaluated intensive chemotherapy before allo-or auto-HCT. Remission-induction treatment included 1-2 cycles of idarubicin, cytarabine and etoposide followed by one consolidation with cytarabine and mitoxantrone. CR was attained in 54% of patients who underwent the remission-induction chemotherapy. Allografts were able to be performed in 72% of patients who had a donor with a median 4-year disease-free survival (DFS) of 31%. Whether high-intensity therapy contributes to DFS or introduces selection bias could only be answered with a carefully designed randomized trial using intent-to-treat analysis. A recent Japanese study compared induction chemotherapy before MA allo-HCT vs upfront HCT. 16 Five-year OS in RAEB-transformation (RAEB-t) and secondary AML was 57% for upfront HCT and 54% for induction chemotherapy before HCT, which was not statistically significant (P ¼ 0.81). The surprisingly equal OS between the two groups brings into question whether induction chemotherapy leads to higher TRM and offsets the benefit of cytoreduction before HCT at least when considering full ablation.
Relapse is a frequent outcome of RIC and NST for advanced MDS. For example, an NST series in RAEB and RAEB-t using TBI 2 Gy and fludarabine (Flu), showed a relapse rate of more than 0.52 per patient/year. 17 As induction chemotherapy is not suitable for many patients with MDS, hypomethylating agents are gaining attention as prelude to RIC and NST.
A study of patients with advanced MDS treated with decitabine showed a better OS rate compared with historic controls receiving intensive chemotherapy owing to lower early mortality, not to response rate. 18 Recently, a pilot study analyzed the outcomes of 12 patients with MDS with a median age of 58 years who received decitabine before undergoing an allo-HCT with MRD, matched unrelated donors (MUD) or umbilical cord blood (UCB) grafts. After a median follow-up of 11 months, 8 patients are in CR. 19 A larger study analyzed the outcomes for 34 MDS patients who had a MA HCT from either a MRD or MUD, 14 patients had received 1-7 cycles of azacitidine before transplantation. 20 The 1-year Kaplan-Meier estimates for OS and PFS were 64 and 64% for the azacitidine group vs 70 and 51% for the non-azacitidine group. At this time there is no clear evidence that intensive chemotherapy or hypomethylating agents impact the outcome of HCT for MDS, and selection bias may play a large role in the studies conducted thus far. Upfront transplantation and HCT preceded by induction chemotherapy or hypomethylating agents are all valid approaches in advanced MDS and deserving of further studies.
Age and conditioning
As the US population ages, MDS will be diagnosed in more patients. Individuals over age 70 years have a 61.8% ageadjusted incidence of MDS. 21 The vast majority of MDS diagnoses occur in individuals over the age of 55-60 years, often considered the cusp for the use of full myeloablation. A study of outcomes in 215 patients aged 50-67 (median 57) years who underwent allogeneic MA HCT for early or advanced hematologic malignancies showed a day þ 100 and day þ 365 TRM of 13 and 30% for early disease and 21 and 49% for late stage disease. 22 Advanced disease and grades II-IV GVHD were determining factors for TRM in this older patient population. A second study compared MA HCT for 436 patients, age 450 years (n ¼ 59), 40-50 years (n ¼ 124) and o40 years (n ¼ 253). 23 TRM at day þ 100 ranged from 24 to 18% and from 36 to 33% at 1 year. OS at 2 years were 48, 48 and 58% for each group, respectively. With the exception of higher TRM at day 30 for the older cohort, there were no significant differences in TRM or OS for the groups. A study from Seattle on 52 patients with a median age 63 (60-68) years showed that MA HCT from MRD resulted in non-relapse mortality (NRM) at 100 days and 3 years of 27 and 43%. 11 Although MA HCT may be a viable option for selected patients over age 50 years, the relatively high TRM/NRM has provided impetus for the use of NST and RIC in patients over 55-60 years of age and in those with comorbid conditions. For example, the use of 2 Gy TBI combined with Flu resulted in a cumulative 3-year NRM of 21% for standard-risk patients with a median age of 55 years. 17 No randomized prospective studies have compared NST or RIC vs MA HCT, but a retrospective review comparing NST and MA for patients 450 years with various hematological malignancies showed a trend toward improved OS at 2 years in the NST arm with no difference in PFS. 24 The relapse risk was greater with the NST conditioning, but the NRM was lower.
Although the existing data for NRM do not provide a strong bias favoring RIC for patients in the 50-60 years age bracket, there are also no compelling MDS studies that favor MA over RIC/NST in terms of OS and DFS. GVHD is more common in older individuals undergoing HCT. RIC and NST result in lower incidence of acute GVHD compared with MA conditioning. This element may favor the use of RIC in individuals over age 50 years with MDS.
Improvements in RIC and NST regimens, GVHD prophylaxis, supportive care and medical therapy of MDS will afford HCT to increasingly older patient populations.
Stem cell source
Two meta-analyses have compared PBSCs to BM grafts in MA allo-HCT. 25, 26 Compared with BM grafts, PBSC grafts had faster neutrophil and platelet recovery, with decreased relapse rates at 3 years (21 vs 27%) in both early and late stage disease. 25 No difference was seen in NRM between the two stem cell sources. Unfortunately MDS only constituted 5-13% of diagnoses; therefore, no conclusions can be drawn about the best stem cell source for MDS patients. Both trials showed an increased relative risk of acute and chronic GVHD with PBSC grafts. 25, 26 In NST, faster neutrophil recovery, decreased transfusion requirements and increased risk of chronic GVHD (86 vs 42%) was seen with PBSCs. 27 An EBMT study on 234 MDS patients who underwent MRD HCT analyzed outcomes according to BM (n ¼ 132) or G-CSF-mobilized PBSC (n ¼ 102) grafts. 28 The use of PBSC was associated with a decrease in treatment failure, despite a higher proportion of patients with low-risk MDS in the BM group resulting in 2-year EFS of 50% in the PBSC group and 39% in the BM group. Neutrophil recovery failed in only seven patients in each group (P ¼ 0.60), but neutrophil recovery occurred significantly earlier in the PBSC cohort. In summary, PBSC allografts appear superior to BM for patients with advanced MDS. They convey a possible decreased relapsed risk accompanied by an increased risk of acute and chronic GVHD.
Autologous transplantation
Auto-SCT has been used as a consolidation modality in patients with AML in CR1 and beyond who lack a suitable donor. Less is known about its use in MDS (Table 1) . One study on the long-term outcomes of MDS patients who underwent auto-SCT in CR after intensive chemotherapy showed that although auto-SCT was feasible in 60% of patients who achieved a CR, the relapse rate was 75% with most of the events occurring in the first 2 years. 29 Of note, the use of PBSCs as an autograft provided faster hematopoietic recovery but resulted in similar outcomes to BM. 30 A multicenter study compared allo-and auto-HCT as post-consolidation therapy for patients with advanced MDS, secondary AML or chronic myelomonocytic leukemia according to the availability of a MRD. Four-year DFS and OS in patients with or without a MRD were 31 vs 27% and 36 vs 33%, respectively. 15 Three EBMT studies have addressed auto-SCT for MDS and tAML. One report on 65 patients who underwent auto-SCT showed a cumulative incidence of relapse of 58% and TRM of 12%. 31 An earlier study compared MUD and MRD HCT with auto-SCT and showed 3-year DFS for MUD: 25%, MRD: 36% and auto-SCT: 30%. Relapse rates of 58% for auto-SCT vs 36% for MRD and 41% for MUD were observed. 32 A more recent retrospective study of 593 patients compared MUD HCT with auto-SCT and showed better 3-year OS as follows: MUD-CR1 (50%), auto-SCT-CR1 (41%) and MUD-untreated (40%) (P ¼ 0.01). A higher relapse rate for auto-SCT-CR1 (62%) was verified compared with 24 and 30% for MUD-CR1 and MUDuntreated (Po0.001). 33 Although auto-SCT may be feasible and provide long-term DFS to some MDS patients, a high relapse rate has generally favored allografting.
Myeloablative transplantation
Since the year 2000, 24 trials from around the world, both prospective and retrospective, have evaluated the use of MA allo-HCT in patients with MDS ( Table 2 ). The number of patients included on those trials ranged from 23 to 885 with an age range of 32-59 years. The largest trial was a retrospective review of all transplantations reported to the EBMT from 1983 to 1998. 32 A majority of the 1378 patients reported (n ¼ 885) received MRD allo-HCT. There were a small number of MUD (n ¼ 198), mismatched related donor (n ¼ 91) and auto-SCT (n ¼ 173) included in the paper, but the mismatched related donor and auto-SCT data were not compared with the MRD allo-HCT data and therefore not included in the table. Only 13 MA studies reported time from diagnosis to transplantation. In those studies, most patients were transplanted within 1 year of diagnosis.
Most of the MA HCT studies included de novo and secondary MDS, chronic myelomonocytic leukemia, myeloproliferative disorders, de novo and secondary AML/ tAML. As patient numbers were small, subset analyses for 48 included a small number of NST transplants (n ¼ 26). PBSC and BM stem cell grafts were allowed in most studies. The most commonly used conditioning regimens were BU/CY and CY/TBI in the reviewed studies. GVHD prophylaxis was largely CsA-based. Only one study, carried out at the Fred Hutchinson Cancer Research Center, formally compared different MA regimens in MDS. 53 Seventy-eight patients received oral BU 16 mg/kg targeted to plasma concentrations of 800-900 ng/ml and CY 2 Â 60 mg/kg, and 50 patients received BU 7 mg/kg and TBI 1200 cGy over 3 days. There was no significant difference in OS, EFS and NRM between the two regimens regardless of donor status negating the perception that targeted therapy offers improvements in these parameters.
Length of follow-up varied between the studies ranging from 5 months to 7.9 years. The risk of grades II-IV acute GVHD varied from 18 to 100%. The lowest and highest published relapse risks were 24% at 1 year to 36% at 5 years. In a study by Chang et al., 48 the relapse risk was 33% for tAML, 36% for RAEB and 12% for RA/RA with ringed sideroblasts at 5 years. OS and NRM ranged from 25% at 2 years to 52% at 4 years and from 19% at day þ 100 to 61% at 5 years, respectively. In many studies the incidence of primary graft failure ranged from 0 to 9%. One study with an incidence of approximately 14% primary graft failures had a majority of patients transplanted with genotypically non-identical-related donors. 37 Hematopoietic SCT remains the only curative therapy for MDS. MA HCT has a high TRM and is limited to young patients with few comorbidities. Moreover, the MA studies reported here have a short follow-up. Future goals for MA HCT include deciding on the best use of pretransplant therapy, better selection of eligible patients and improvement of supportive care measures.
Non-ablative/reduced-intensity transplantation
Myelodysplastic syndrome is more prevalent in older adults. In this setting, an estimated 3-year NRM of 43% in MA HCT 11 favors NST and RIC, but a concern is that less cytoreduction could yield higher relapse rates. Of note, in this review NST and RIC terms were used as defined by the authors of the publications. One study comparing NST vs RIC transplantation for patients with MDS and AML did not show any difference in actuarial survival (P ¼ 0.790). 54 Since the year 2003, 30 studies addressed the use of NST or RIC HCT for MDS (Table 3 ). Both retrospective and prospective studies from multiple centers around the world included cohorts of 16-215 patients with a median age 440 years with the exception of a pediatric trial from Germany. 69 In the 13 trials that provided such data, there was a longer time from diagnosis to transplantation in the NST trials compared with the MA trials. The range for time of diagnosis to HCT in those articles was approximately 2-18 months. Induction chemotherapy was given to a small portion of patients on the NST trials. Unfortunately, no trial specifically looked at induction therapy before HCT. The chemotherapy regimens that these patients received were not detailed in the reviewed publications.
Patients with MDS, secondary AML, tAML, chronic myelomonocytic leukemia, de novo AML, myeloproliferative disorder, non-Hodgkin's lymphoma and Hodgkin's lymphoma were included in these studies obscuring the results for MDS. The graft types used in those studied included MRD, mismatched related donor, MUD and mismatched unrelated donor grafts. PBSCs, BM stem cells and UCB stem cell grafts were used for the transplantations. Only three studies exclusively used PBSCs. The most common conditioning regimens used were fludarabinebased. CYA and tacrolimus were the most frequently used agents for GVHD prophylaxis.
With the exception of one trial reporting 23% primary engraftment failure, 54 the remaining studies showed p15% primary engraftment failure. The reported incidence of grades II-IV GVHD was 9-63%. Relapse risk was between 6 and 61%. OS ranged between 44% at 1 year to 46.1% at 5 years. NRM was between 0% at day þ 100 and 33.9% at 5 years. The median follow-up of the patients on study ranged from 14 months to over 4 years.
Many of the NST trials have short patient follow-up and small sample sizes. In general, a high relapse rate, surprising low engraftment failure and low NRM were seen in these trials. RIC and NST are feasible treatment modalities for older patients with MDS. There is a large overlap in the rate of OS and DFS published for MA and RIC/NST. It is therefore fair to speculate that RIC and NST may be appropriate for younger patients with MDS that could otherwise tolerate myeloablation. This dilemma cannot be settled with the data presently available and a protocol-driven decision is probably the best way to approach it. Reserving MA HCT for young (o40-45 years) patients with MDS and offering RIC to all others, especially if they had a response to initial therapy with hypomethylating agents appears a sensible approach as prospective data accumulates.
Umbilical cord blood transplantation
A study on 450 BMT and 150 UCB recipients from 1996 to 2001 included 25 MDS patients who received MUD BM, 2 who received 1 antigen mismatched BM, and 10 with 1-2 antigen mismatched UCB. 74 For the entire cohort, UCB conveyed less acute but more chronic GVHD. A subset analysis evaluating the MDS patients in the study was not performed. Overall mortality, TRM and treatment failure were similar for UCB and mismatched BM. A prospective study from Japan using MA UCB for 13 adult patients with advanced MDS showed a 2-year DFS of 76.2%. 75 Three patients relapsed and one patient had engraftment failure. Ten patients are alive with no evidence of disease at days þ 171 to 1558.
A more recent study from Minnesota in patients aged X55 years compared MRD RIC (n ¼ 47) vs UCB 76 AML/MDS comprised 50% of the diagnoses; 23% in the UCB cohort had MDS. The 3-year PFS and OS for MRD and UCB were 30 vs 34%, (P ¼ 0.98) and 43 vs 34% (P ¼ 0.57). Cumulative incidences of grades II-IV acute GVHD and TRM at 180-days were comparable, but UCB produced less chronic GVHD at 1 year (40 vs 17%). UCB appears a viable allograft for patients with high-risk MDS without a suitable donor. At present, many centers probably give preference to an 8/8 allele-matched MUD over an UCB graft, but lower GVHD rates and potential use of double UCB grafts may change future selection of grafts for HCT. The selection algorithm for less wellmatched donors is highly center-specific and beyond the scope of this review. Transplant recommendations for MDS using UCB will continue to evolve as more data on this transplant modality for MDS accumulates.
Persistent challenges
The concept that allo-HCT is the preferred therapy for patients with IPSS intermediate-2-and high-risk MDS is based on a registry study that included young patients receiving MA HCT with MRD. There are several shortcomings to this paradigm. Suggested algorithms for the use of HCT in MDS are presented in Figures 1 and 2 . The IPSS does not account for transfusion requirement and multilineage dysplasia, which are known to affect the prognosis of patients with MDS. A new study of the WHO classification and WPSS has shown a strong association between MDS disease severity and transplant outcomes. 14 In that study, transfusion dependence emerged as a predictive factor independent of blast count, whereas the outcomes for patients with RA appear very favorable. Thus, patients whose only manifestation of MDS is transfusion-dependence and do not respond to growth factor or other therapy may benefit from HCT in spite of their low IPSS score. Likewise, MDS with monosomy 7 or complex karyotype and preserved marrow would likely be considered an indication for immediate rather delayed HCT in many transplantation centers. Secondary MDS is another special consideration for HCT. As the population of cancer survivors increases, therapy-related MDS will be the focus of more studies, but currently those patients are managed following the same paradigm used in de novo MDS. At the very least, a diagnosis of secondary MDS should prompt a search for an allogeneic donor and possibly the early use of HCT as well. Table 4 summarizes accepted and probable indications of early HCT in MDS.
Most patients with MDS who are eligible for HCT are older and are likely to receive a RIC transplant. In addition, the alternative to transplantation now includes medical therapy that can improve OS. No study has compared the outcome of RIC transplantation to current MDS medical therapy either retrospectively or prospectively. As the CIBMTR data on RIC and NST for MDS matures, a retrospective comparative analysis of these two groups of patients is certainly warranted. Any future prospective randomized study will need to address the heterogeneous nature of MDS; perhaps by using the WHO SCT and MDS T Kindwall-Keller and LM Isola classification and WPSS, which have now been applied to an MDS transplantation cohort.
Future considerations
Older age limits the availability of HLA-matched sibling donors for MDS patients. The use of MUD and UCB for transplantation has been extensively validated in adults with leukemia. Less is known about the outcomes in patients with MDS. Increased risks for GVHD, NRM and infections may offset some of the benefits of allogeneic transplantation over medical therapy. Only carefully designed prospective studies will help to elucidate which therapy is superior. One could envision a large study whereby MRD and MUD allografts would be assigned on the basis of availability. However, such study could only be undertaken by a large consortium such as BMT/CTN.
Optimizing RIC regimens beyond the small number currently under use may yield improvements of OS and EFS. One study exploring the boundary between MA and RIC showed that once daily i.v. BU and Flu þ /À antithymocyte globulin appeared higher to i.v. BU and CY þ /À antithymocyte globulin as pretransplant conditioning therapy in AML/MDS. 77 The case mix precludes making definitive statements about MDS in particular, but patients in CR1 transplanted with the BU-Flu combination had a 3-year OS and EFS of 78 and 74%, respectively.
It is widely recognized that transplantation in the setting of MDS with excess number of BM blasts (45 to 10%) leads to high rates of relapse. This trend seems especially troublesome when combined with RIC. Therefore, an important question in MDS is whether cytoreductive and/ or hypomethylating therapy before allogeneic transplantation, especially with RIC, can improve OS and DFS. The benefit of AML-type induction chemotherapy before RIC is not well established. Microbial colonization, deconditioning and substantial pretransplant mortality may result in inferior survival for the overall approach. Hypomethylating agents are well tolerated on an ambulatory basis, can decrease marrow cellularity and number of blasts. However, this therapy is not curative and most responses are eventually lost. The usefulness and ideal duration of hypomethylating therapy before HCT is currently being tested in single institutions as well as in a multicenter trial under development by CIBMTR.
In the United States of America, the Federal Program that covers individuals over the age of 65 years does not provide allogeneic transplantation benefits for patients with MDS outside of an approved study. Definitive trials to establish the role of allo-HCT in this patient population are urgently needed. Registry studies, especially in collaboration with European investigators may help to pave the way. 
